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METHOD, SYSTEM AND COMPUTER PROGRAM PRODUCT FOR DETERMINING THE CELL i^EA OP A 
BASE STATION BY TAKING INTO ACCOUNT PIXEL OF TERRITORY SPECIFIC QUANTITY OP 
TRAFFIC, AND NETWORK PLANNED USING THIS METHOD 



FIELD OF THE- INVENTION 

5 

The present invention generally relates to the planning of 
a teleconuTvunication network for radio apparatuses that use 
CDMA (Code Division Multiple Access) techniques, and more 
specifically it relates to a method and a system for 
10 planning a telecoiranunication network for mobile 
apparatuses including a plurality of cells distributed 
over a geogrraphical area, each of which comprises a set of 
elementary areas of territory adapted to receive a radio 
signal irradiated by a fixed radio base station. 



15 



In particular, the present invention relates to a method 
for planning a telecommunication network, as well as a 
processing system and a processing program or group of 
programs for implementing the aforesaid method. 



20 



25 



PRIOR ART 

Telecommunxcation networks for mobile apparatuses of the 
cellular type are characterised by the subdivision of the 
geographical, area of coverage into a plurality of cells, 
each of wbich is defined as the set of elementaiy areas 
(pixels) of territory served by the radio-electric signal 
irradiated by the antenna of a fixed radio base station. 

30 Telecommunication networks for third generation . UMTS 
(Universal Mobile Telecommunications System) mobile 
terminals employ, as is well known, a radio interface 
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based on the CDMA (Code Division Multiple Access) 
technique. 

Among known cellular networks, those using the CDMA access 
5 technique have the peculiarity that a same frequency band 
(channel) can be used in the various cells, so that the 
passage of sl mobile terminal from a cell to a contiguous 
one (handover) can be managed using the same frequency. 
Such techniqaies are known as *'sof t handover'' . 

10 

According to the '^soft handover*' mechanism, in particular 
zones, called soft handover or macro- diversity zones, a 
mobile terminal (mobile) is able to decode the signals of 
multiple antennas, and hence to exchange information with 
15 multiple Radio Base Stations (RBS) . 

The identification of the macro -diversity zones and their 
dimensioning has considerable importance for the correct 
ojperation and dimensioning of cell apparatuses in a 
20 telecommunication network, since a macro- diversity mobile 
takes up resources of all the Radio Base Stations whereto 
it is simultaneously connected. 

An additional peculiarity of UMTS networks consists of the 
25 fact that such networks are able to provide a plurality of 
services, such as: 

- Teleptiony; 

- Fax; 

- Videotelephony; 
30 - Intericiet access, 

and that each of said services generally has specific 
characteristics in terms of speed (number of bits per 
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second) and traffic (quantity, symmetrical or 
asymmetrical) . 

It follows that, in planning a network, cell dimensioning 
5 must jointly take into account the characteristics of each 
service and of any groupings of services on a single radio 
carrier as specified in accordance with the CDMA access 
technic[ue • 

10 Therefore, the planning of UMTS networks, due its 
peculiarities, is a complex activity that requires 
substantially different approaches from those used 
heretofore for cellular networks known as GSM «31obal 
System for Mobile Communication) or IS95 (Interim 

15 Standard) . 

Known methods for planning UMTS networks can be grouped, 
depending on the approach, into two distinct families: 
"statistical" methods and ^^deterministic" methods, 

20 

Statistical methods are . mainly based on a Montecarlo type 
of approach {see, as a reference, 3GPP TR 25.942 v6*0-0 
2002-12 - ^RF System Scenarios - Release 6") . 

25 The "Montecarlo simulation" is usually used to indicate a 
static simulation composed by a series of . independently 
statistically snapshots. Once the scenario to be studied 
is fixed, each snapshot consists of a series of steps that 
simulate the behaviour of the network to be examined and 

30 ends with the statistical analysis of the user 
distribution being considered. The simulation is 
stm^ctured in successive snapshots, whose number must 
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obviously be sufficient to guarantee the statistical 
stability of the results. 

This is quite a specific methodology, particularly 
5 suitable to _exaTn±ne the performance of a UMTS network with 
small geographic extension, but, due to an intrinsic 
*^slowness" of ttie model, is cannot be extended to the 
treatment of UMTS networks whose geographical areas are 
comparable with national ones. 

10 

Deterministic methods maintain some static analysis 
characteristic, but systematically consider all the pixels 
in a single snapshot of the territory whereon the network 
stands, and are clearly more suitable for planning UMTS 
15 mobile networks relating to very extensive geographical 
areas, althdugh the result generally has lower levels of 
adherence to the evolving reality. 

In this regard, ±n the art are already known systems and 
20 methods for planning networks for mobile apparatuses that 
use the CDMA access technique. 

For example, the document AC016/CSE/MRM/DR/P/09l/al with 
the title "STORMS Project Pinal Report", April 1999, 

25 describes a method and a system devised within the STORMS 
project (Software Tools for the Optimisation of Resources 
in Mobile Systems) promoted by the European Commission. 
However, the implemented method was slow, and is incapable 
of providing inf oormation on the macro-diversity areas, one 

30 of the most important and difficult to manage aspects for 
an operator providLing third generation network services. 
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The patent application WO 02/35872 by the same applicant 
described an alternative deterministic planning method 
that takes the macro -diversity areas into account. 

5 In particular, in WO 02/35872 the process for planning an 
UMTS network is subdivided into steps which are briefly 
recalled below: 

Calculation of electromagnetic coverage areas 

10 

The dimensions and characteristics of each coverage area 
are estimated, i.e. the location of the elementary areas 
of territory^ or pixel in which the radio-electrical signal 
irradiated Joy a fixed radio station is received within a 
15 predeteirmined radius (for example 80 Km) is estimated. 

Calculation/ forecast of the traffic distribution over the 
territory 

20 The traffic offered to the network is estimated, for each 
service for elementary area (pixel) according to different 
approaches, for example exploiting existing reference 
information such as GSM voice traffic measurements, or 
estimating traffic values pixel by pixel according to 

25 information provided by a marketing department. 

Domain Calculation 

The domain calculation step allows to calculate, within 
30 each coverage area, using realistic propagation models 
relating to the area in consideration, the location of the 
pixels where the radio-electric signal can be decoded by a 
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mobile terminal in the presence of thermal noise alone.. 

Domain calculation is specific for UMTS networks and for 
the downlink segment (from radio base station to mobile) , 
5 and it is conducted taking as a reference the family of 
services with the least stringent limits, i.e. that 
service or family of services that requires the lowest 
value of power received by a mobile terminal to decode the 
radio-electric signal • 

10 

Service area calculati-on 

When planning and dinciensioning the network, the step of 
calculating the seirvice areas, e3<ploiting traffic 
15 information and doma±n information, allows to dimension 
'^the service area" of each cell, i.e. the set of pixels in 
which it is actually possible to provide the Service or 
the set of UMTS servioes grouped on a single radio carrier 
(family of Services) . 

20 

Service areas are excD-xisive, in the sense that each pixel 
belongs to a single service area, and may not be more 
extensive than the respective domain. 

25 The calculation, based on the "uplink*^ segment (from 
mobile to radio base station) , is performed determining 
the load factor ij of the cell, i.e. the ratio between the 
load of the cell to toe accepted and the maximum load in 
correspondence with which the system is in ' unstable 

30 conditions . 



The calculation for identifying the service area is 
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carried out, cell iDy cell, starting from the pixel that is 
electromagnet ically "closest" to the radio base station 
{i.e. the one the lowest link attenuation) and proceeding 
"moving away" towards pixels with higher attenuation, 
5 aggregating the pixels as they are selected. 

In particular, the calculation is made for each domain and 
in contention with other domains, the trajectory for 
selecting the pixels to be inserted in the service areas 
10 is determined by the attenuation values calculated in the 
domains, and the traffic contributions of the various 
pixels for the calculation of tj are determined by the 
traffic values calculated as stated above. 

15 Calculation of macrro-diversity areas 

Lastly, in this step is identified the location of the 
pixels in which a mobile terminal is able to decode the 
signal coming from multiple Radio Base Stations. For each 
20 service area are analysed the pixels that are external to 
the service area, t>ut internal to the corresponding domain 
and the verification is made as to whether said pixels can 
be "served" in macro - diversity • 

25 Verification of ou.tage areas for low values of the C/S 
(Signal/Interference) ratio 

A final step for refining the planning process, which 
correctly considers the intracell and intercell 
30 interference effects that in the previous steps were 
estimated with a simplified methodology, allows to 
compensate for any" approximations introduced during the 
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previous steps emdi to verify the presence of any areas of 
unavailability to proceed with the detailed definition of 
the equipment to ]be installed. 

5 The performance of a CDMA wide area network also depends 
on the time sequence of user activation, which aspect is 
not considered in the prior art. 

In particular, in WO 02/35872, in the process of computing 
10 the service area relating to a determined cell, the order 
with which the various pixels of the domain are considered 
is established only as a function of the value of 
electromagnetic at:tenuation, moving from the lower to the 
higher values, and iteratively adding the traffic 
15 contributions of the various pixels to the. cell load 
factor 77, until it reaches a predetermined limit Tjnm 
(typically equal to 0.6-0.7) or until there are no more 
pixels in the domain. 

20 This mechanism is in line with the characteristics of the 
CDMA, technicjue, which tends to minimise the powers 
transmitted by the mobiles, but does not take into account 
the time -dependant characteristics of the phenomenon 
(variable traffic) and therefore does not reflect the 

25 actual operation of the UMTS network. 

The T^plicant has observed that if a pixel is 
characterised by low attenuation, but it has very low 
offered traffic, within a determined period of time taken 
30 as a reference (BH: also known as Busy Hour) , the 
probability that it may require resources from the cell is 
quite limited; vice versa, if the pixel is characterised 
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by a high value of offered traffic, the probability that 
it may require resources from the cell, also in the same 
time frame BH, is far greater, even if the pixel has a 
high attenuation level . 

5 

Hence, in the actual operation of the network, considered 
also in its evolution over time, pixels with high offered 
traffic levels tend to loe the first, on average, to grab 
the resources of the cell, thereby modifying in this sense 
10 the shape of the service area and hence all the 
performance that depends thereon. 

The order of consideration of the pixels established 
according to electromagnetic attenuation alone, therefore, 
15 does not take into account the actual evolution of traffic 
in the network. 

SUMMARY OF THE INVENTION 

20 An object of the present invention is to provide a method 
and a system for planning a telecommunication network for 
radio apparatuses which does not have the limitations of 
the prior art as described eibove, i.e. which, in computing 
the service areas of the individual cells of the network 

25 takes into account the time -related characteristics of 
activation of the users. 

According to the present invention said object is achieved 
thanks to a method for planning a telecommunication 
30 network and a system having the characteristics set out in 
the independent claims. 
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Another object of the present invention is a 
telecommunication network for radio apparatuses that is 
planned by means of the method of the present invention. 

5 A further object of the present invention is a computer 
product or set of computer products able to be executed by 
an electronic computer or by a set of electronic conqputers 
as claimed. 

10 Reference to a set of computer products is clearly meant 
to highlight the possibility for the invention to be 
implemented in decentralised fashion on a plurality of 
electronic computers. 

15 Briefly, the present invention is based on the principle 
of adopting a pixel selection sequence which depends at 
least on the queintity of traffic pertaining to the pixels 
which can potentially be served by the cell being 
examined. The innovative criteria for selecting the pixels 

20 which contribute to the calculation of the cell load 
factor ccui be used in the evaluation of the service areas 
and/or of the outage areas in a process for planning a 
cellular telecommunication network. 

25 This innovative manner of selecting the pixels allows to 
introduce into the planning process an element that is 
closely dependent on the time evolution characteristics of 
the behaviour of a CDMA or UMTS network^ in turn connected 
to the probability of request for service activated by the 

30 individual pixels, with the effect of obtaining a planning 
of the service area that is much closer to the actual 
behaviour of the telecommunication network. 
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The effect thereby obtain also assiires that the results of 
the planning process thus implemented approach those 
achievable, for instance, with a Montecarlo method which 
5 requires a sufficient numh>er of snapshots able to 
guarantee the statistical stability of the results and 
high processing times . 

BRIEF DESCRIPTION OF THE DRAWrNGS 

10 

Further advantages and chara.cteristics of the present 
invention shall become more readily apparent from the 
detailed description that follows, provided purely by way 
of non limiting example with ^reference to the accompanying 
15 drawings, in which: 

Figure 1 is a simplified flow chart of a general 
deterministic method for pL aiming a telecommunication 
network for mobile apparatuses according to the prior art; 

Figure 2 is a simplified diagram of a system for 
20 planning a telecommunication network for mobile 
apparatuses according to the invention; 

Figure 3 is a flow chart of the method for planning a 
telecommunication network for mobile apparatuses according 
to the invention, and 
25 Figures 4a and 4b schematically show the criteria for 

selecting the pixels in the calculation of the service 
areas, respectively according to the prior art and 
according to, the invention. 

30 DETAILED DESCRIPTION OF THE IKTVENTION 

With reference to Figure 2 , the essential lines are 
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illustrated of a system for planning a telecommunication 
network for mobile apparatuses or terminals (hereinafter, 
for the sake of brevity, simply mobiles) . It con^rises, 
for example, a known computerised workstation 10, having a 
5 processing subsystem (base module) 12, a display 14, a 
keyboard 16, a mouse 18 Eurxd a device for connection to a 
local network (network bias) 20. 

As a workstation 10, for instance, the model J6700 by 
10 Hewlett-Packard can be used, for a 750 MHz CPU, a 10 Gbyte 
RAM, a 70 GByte internal hard disk unit and a UNIX 
operating system • 

The workstation is capable of processing groups or modules 
15 of programs stored on d±sk or accessible on the network, 
and of displaying the results on the display 14 . The 
groups or modules of programs are processing and confuting 
programs that implement the method according to the 
invention, as shall be described in detail below. 

20 

The system according to the invention further comprises a 
known sub-system of dislcs 22, connected by means of the 
network connection 20 to the workstation 10 and able to 
contain stored reference databases, as shall be described 
25 in detail below, with reference to the implementation of 
the method according to the invention. 

Naturally, the databases can also be stored, if they have 
limited dimensions, in the disk drive of the workstation 
30 10 without thereby changing the characteristics of the 
invention. Moreover, tHe system can be enabled for 
connection to other peripheral input/output devices, local 



wo 2005/046276 



PCT/IT2003/000725 



13 

or remove, or it may consist of a distributed processing 
system/ but the solutions mentioned herein are considered 
well known in the art and will not be further described 
herein because they are not relevant in themselves for 
5 purposes of implementing and understanding the present 
invention. 

In general, the system in the configuration described 
herein or in other equivalent configurations is adapted 
10 for planning and dimensioning a telecoraimmi cation network 
for mobile terminals on tlie basis of programs or groups of 
programs (modules) implemented for the execution of the 
method according to the invention and with the aid of the 
databases stored in the disk sxobsystem 22 . 

15 

With reference to Figure 1, a general deterministic method 
for planning a telecommunication network for mobile 
apparatuses according to the prior art is recalled. 

20 Starting from reference databases, for instance geographic 
and demographic databases already present or updated, 
whereto the system has access at step 100, the system 
determines - by computation or estimate - the distribution 
of traffic over the territory at step 120 and calculates 

25 the dimensions of each cell (coverage) according to the 
positioning of the Radio Base Stations and of the 
theoretical propagation models at step 140. 

Combining the information on the traffic distribution 
30 computed/estimated at step 12 0 and on the coverage 
computed at step 140, at step 160 the system computes the 
"'service areas", i.e. the location of the elementary areas 
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of each cell in which the network is able to provide 
predetermined services available on the network to the 
mobile apparatuses located therein. 

5 At step 180, lastly, the sy^stem refines the results 
obtained and evaluates the performance of the network thus 
dimensioned . • 

The method for identifying the service area is innovative 
10 and described below with reference to Figures 3, 4a and 
4b. Purely by way of example, the present invention shall 
be applied to a planning method, described in detail below 
with reference to Figure 3 and Known from WO 02/35872, but 
naturally it can find application in any other 
15 deterministic network planning method as per Figure 1. 

The preferred planning method essentially comprises a 
plurality of steps which can be grouped in four logic 
blocks : 

20 A first block 200 for preparing the data required for 

network planning; 

A second block 300 for planning and dimensioning the 

network based on the radio link from a mobile terminal to 

the Radio Base Station (^^uplink'^ ) ; 
25 A third block 400 for verifying the dimensioning 

performed at block 300; and 

A fourth block 500 for refdning network planning and 

dimensioning, based on the radio link from the Radio Base 

Station to the mobile terminals { "^downlink" ) . 

30 

The first block 200 comprises tlie operations of computing 
the cell coverage areas (at step 22 0) , of computing of 
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forecasting traffic distribution over the territory (at 
step 240) and of computing the cell domains (at step 260) , 
as mentioned in the introductory part of this description. 

5 In detail, at step 220 the dimensions and characteristics 
of each coverage are computed, i.e. the location of the 
elementary areas of territory or pixels in which the 
radio-electrical signal irradiated by the Radio Base 
Station is received within a predetermined radius (for 
10 instance 80 km) according to geographic databases 230, 
urbanisation and territory morphology databases 232, and 
to the radio-electric characteristics of the Radio Base 
Stations 234 • 

15 Processing by the system is automatic and the system is 
able to present in giraphic form the results of the 
computation on the display 14 of the workstation 10, 

At step 240 the traffic offered for each service for each 
20 elementary area (pixel) on the basis of a traffic database 
250. To adapt scenarios with different families of 
services, it was convenient to define a relationship that, 
for each pixel, assigns an equivalent traffic value as an 
analytical function of multiple variables, such as the 
25 values of traffic intensity for each service and of the 
related radio characteristics (BitRate, SAF (Service 
Activity Factor)., Eb/No ratio, etc.). 

For the purposes of the present invention, the equivalent 
30 offered traffic Tjn^„ present on the pixel m,n of the 
geographical area can be computed, for instance, as; 
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where : 

S is the total number of services. Bo is the Bit rate of 
the service with the lowest speech, Bi is the Bit Rate of 
5 the i^** service present in the pi^cel m,n and T^^n.x is the 
traffic offered in the pixel m,n for the i^ service. The 
exanqple is limited to the single- channel case, but it can 
be extended to the case of imiltiple channels. 

10 Naturally, a person versed in the art may propose other 
formulas for computing the equiv-alent traffic, suitable 
for the purpose, without thereby departing from the scope 
of the present invention . 

15 At step 260, employing the propagation models relevant to 
the geographical area to be considered, the domains are 
computed within each coverage area, i.e. the location of 
the pixels in which the radio-electrical signal can be 
decoded by a mobile terminal in the presence of thermal 

20 noise alone. In particular, the domain of each cell is 

computed verifying for each pixel of the coverage whether 

the radio-electrical signal is ^received with a higher 

power than the threshold determined according to the less 
« 

stringent service. Domains are not mutually exclusive and 
25 there will be intersection regions containing pixels that 
belong to more than one domain. 

Processing by the system is automatic and the system is 
able to present the results of the computation in graphic 
30 form on the display 14 of the workstation 10. 
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The block 300 comprises the operations of computing the 
service areas (at step 320) cuid coinputing the macro- 
diversity areas (at step 340) . 

5 The computation for identifying the service areas 320 is 
performed in two steps, a first step 322 of actually 
computing the areas and a second step 324 of checking to 
verify outage areas due to the limited power of the mobile 
or to verify the power of the radio base station. 

10 

The computation- is performed using the well known **Pole 
Capacity* equation recalled below, whereby the load factor 
t; of a cell is determined/ i.e. the ratio between the cell 
load to be accepted and the maximum load (also called 
15 **pole capacity"), in coirrespondence with which the system 
is in unstable conditions. 

The load factor ti of a cell is given by: 

77=|;n,.-a4F,.(l + /,)mR, 

20 where : 

is the total number of services; 
rii is the maximum number of users simultaneously active in 
the cell for the i*^*^ service and it is determined 
according to the traffic computed adding the individual 

25 traffic contributions 2in,n of the pixels aggregated 
according to the pre-determined sorting criteria until 
that moment ; . 

SAFi is the Service Activity Factor (i.e. the percentage 
of time occupation of the channel) of the i"* service and 
30 it is estimated a priori with typical values, for example 
for the telephony service it is 0.5; 
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fi is the ratio between intracell interference and 
intercell interference and it is estimated a priori and 
subsequently verified; and 

SNRi is the signal to noise rratio required for the i^** 
5 service and it has typical values for each service. 

The computation of the service areas is performed, cell by 
cell, adding the traffic contributions of the various 
pixels to the total load factor of the cell (contributions 
10 determined by the traffic values computed as recalled at 
step 240) , until it reaches a pare-set limit 77ii^ {typically 
equal to 0-6-0.7) or until there are no more pixels in the 
domain. 

15 According to a preferred embodiment , the present invention 
implements a method for computing the service area which 
provides for the use of a "sorting variable" which depends 
on the traffic present in the p±xel. 

In particular, in accordance with the present invention, a 
20 method is defined which teikes into account, for exanple, 
of the equivalent traffic of eaoh pixel in determining the 
order of consideration of ttie various pixels in the 
summation defined previously to verify whether or not the 
pixel and the corresponding traffic offered belong to the 
25 service area of the cell being examined. 

In order to define this method, the **sorting variable" 
introduced is the value of a function of one or more 
variables - for instance attenuation and offered traffic - 
30 for each individual pixel, to replace or complement the 
attenuation value alone. 
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One of the possible formulations of sorting variable Rga^n 
hypothesised as a function of 2 variables Rm,n = Rm.ni^m.n, 
Tta,n) and currently preferred is a function that is 
directly proportional to thie quantity of traffic, 
5 expressed by the formula the ratio between the 

attenuation and the equivalent traffic of the pixel under 
consideration : 

where : 

10 an,,n is attenuation between pixel m,n and Radio Base 
Station Tm,n is the equivalent tiraffic of the pixel m,n. 

The computation is performed ceil by cell, for each domain 
and in contention with other domains, and the trajectory 

15 to select the pixels to be inseorted into the service areas 
is determined according to increasing values of the 
sorting variable Rin,n, thus iterratively adding the traffic 
contributions of the various plixels to the load factor of 
the cell until it reaches a pre-set limit T/ii^, (typically 

20 0.6-0.7) or until there are no more pixels in the domain. 

Figures 4a and 4b schematically^ show the sorting criteria 
with which . the pixels of a domain are analysed to be 
considered or not considered as pixels belonging to a 
25 service area, respectively accoarding to the prior art and 
according to the invention. 

In the attenuation plane, the designation SRB indicates 
the antenna of a Radio Base Station whilst pi, p2, 
30 p>m,n indicate the pixels of territory progressively 
selected according to the predetermined selection 
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criterion. 

Figure 4a refers to a selection criteria according to the 
prior art, based on electromagnetic attenuation alone, 
5 whereby substantially spiralling trajectory P is 
identified, which originates from the pixel that is 
electromagnetically "closest" to the Radio Base Station 
(i.e. from the one with, the lowest link attenuation) and 
proceeds "moving away" towards pixels with greater 
10 attenuation. 

Figure 4b instead shows the trajectory P^ew which can 
obtained adopting a selection criterion that is a function 
both of link attenuation and of equivalent traffic. In the 
15 attenuation plane said trajectory is represented by a 
dashed line, shown superposed, for comparison purposes, to 
the spiral trajectory of the prior art. 

With the new selection criterion, the pixels evaluated 
. 20 first in determining cell load are pixels with low 
attenuation and/or higti offered traffic, in accordance 
with the previous cons idler at ion regarding the probability 
of service request by a pixel. In this way, into the 
analysis process an element is introduced that closely 
25 depends on the time evolution characteristics of the 
behaviour of an UMTS network, connected in turn to the 
probability of request for service activated by individual 
pixels. 

30 Essentially, this deterTnines the introduction, into an 
essentially deterministic method, of a probabilistic 
component (the criterion for selecting the pixels as a 
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function of expected traffic implies the assessment of the 
highest probability that a p±xel belongs to the service 
area) , which is a characteristic aspect of Mont ecarlo- type 
statistical approach whose main limit, which makes them 
5 inapplicable for the desired aims, resides in the poor 
computational efficiency (longer computation times for 
planning geographical areas comprising a number of cells 
that is smaller by at least an. order of magnitude) . 

10 The result will now be very different from the result that 
would be obtained using a method according to the prior 
art unless all pixels have the same offered traffic, 
condition which is highly unlikely in reality. The 
innovative method allows to tedce into account the fact 

15 that, in actual behaviour, a cell is overloaded handling 
the traffic of the pixels that sustain the greatest volume 
of traffic in that cell. 

The f\inction Ra,n is the parameter of the sorting metric 
20 and it can be defined as a fxonction of variable such as: 
electromagnetic attenuation t>etween the pixel and the 
Radio Base Station in consideration, the traffic vector 
relating to the services present in the network for each 
pixel, and the related radio electric characteristics 
25 which may characterise the services. 

The function mentioned as an example is purely indicative, 
but always considering the eqoivalent traffic formulation 
for the pixel m,n set out above, it can be replaced by 
30 another relationship, such as: 
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where the denominators express the normalisation to the 
maximum value of equivalent traffic belonging to the ceil 
domain and to the maximum value of attenuation 



belonging to the cell domain af^J' 



It is also possible for the sorting variable, according to 
a simplified solution, to be a function of equivalent 
traffic alone, for example as defined by the relationship: 



T 
Max 



10 This case can be applied, for instance, to networks useful 
for emergency searvices where it is important to plan the 
network . in. such a was to best handle emergency 
communications, for instance in such a way that each pixel 
where emergency call activation is more likely is capable 

15 of transmitting and/or receiving such communications. 

Processing by the system is automatic and the system is 
able to present the results of the computation graphically 
on the display 14 of the workstation 10. 

20 

The step 324 of checking for outage areas completes the 
computation of the service areas, verifying pixel by pixel 
and for each service or family of services that the 
operative conditions in^osed in the simulation for the 
25 mobile terminals are assured, considering the actual power 
class of the terminals. 



If the condition is assured (i.e. all pixels of the 
computed service areas have a power that is compatible 
30 with the class of the mobile terminals considered) the 
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method passes to computing macro-diversity areas at step 
340; otherwise, the pixels for which said condition is not 
assured are subtracted from the service area of the cell 
in question and the method returns to step 322 in which, 
5 with a new evaliaation cycle, the subtracted pixels can be 
included in the service area of other cells, for which the 
condition of compatible uplink power is met . 
If the subtracted pixels cannot be included in other 
cells, they are definitively considered to be part of the 
10 outage area. 

The method also provides for re -evaluating all pixels 
changing the input parameters of the block 200, such as 
offered traffic , number of sites or radio- electrical 
parameters, corr^uting new service areas on the basis of 
15 the new parametears. 

The computation of the macro -diversity areas at step 340 
is then performed analysing, for each computed service 
area, the pixels external to that area, but internal to 
20 the correspondincf domain and verifying whether said pixels 
can be served according to a macro -diversity mechanism 
from Radio B,ase Stations of adjacent cells. In this case, 
too, the system is capable of graphically presenting the 
results obtained on the display 14 of the workstation 10. 

25 

The definition of such areas is important both because 
macro-diversity ±s relevant for the correct operation of 
CDMA systems (and hence it is necessary to verify its 
existence) , and because the extension of the identified 
30 areas has an impact on dimensioning cell apparatuses: a 
mobile in macro- ciiver si ty makes use of resources on all 
Radio Base Stations with which it is connected. 
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The block 400 for verifying the ditnensioning as executed 
entails the verification in uplink of the areas in 
conditions of xinavailability or outage due to a lower 
5 carrier/ interference (C/I) ratio than a determined level. 
It 400 enables to refine the dimensions of the computed 
service areas. Said verification block entails a new 
selection of all pixels in sequence; the considered pixel 
sequence can be determined as described for the definition 

10 of the service areas, so the method of the invention is 
also applicable to the confutation of outage areas. 
Naturally-/ the verification is conducted on the pixels of 
the Bervi.ce areas until all pixels of the service area are 
selected cuid verified, discarding any pixels that fail to 

15 meet the required C/I condition. 

The system then proceeds to the block 500 of refining 
network planning and dimensioning on the basis of the 
radio link from the Radio Base Station to the mobile 
20 terminals (downlink) according to the data obtained 
previously. 

As can be deducted from the illustrated topics, one of the 
peculiarities of the present invention consists of its 
25 capability of being inserted into a known planning 
process^ as a replacement for one or more blocks or steps 
of the logic flow of operations, without entailing the 
need to modify elements upstream or downstream thereof. 

30 This innovative approach can generally also be used in 
other deterministic methods proposed by the prior art when 
combining information about traffic distribution and about 
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coverage for the computation of the areas of each cell in 
which the network is able to provide the services 
specified on the network to the mobile apparatuses located 
therein. 

5 

The' method has been described with reference to the 
planning of a telecommuuiication network for mobile radio 
apparatuses 

10 Obviously, as will be readily apparent to a person versed 
in the art, the method described herein is also applicable 
to the planning of fixed telecommunication networks using 
a radio interface to connect final users by means of CDMA 
radio connections. 

15 

In particular, the proposed solution is applicable in the 
case of replacement of wired connections with radio 
connections - 

20 Naturally, without altering the principle of the 
invention, the embodiments and construction detail may be 
varied relative to what is described and illustrated 
herein purely by way of non limiting example, without 
thereby departing from the scope of protection of the 

25 present invention as defined in the appended claims. 
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